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FLUID INTELLIGENCE MEASUREMENTS IN MOTHERS AND PARTNERS 
OF BOSTON MEDICAL CENTER’S INNER-CITY POPULATION 
HAYLEY CHAN 
ABSTRACT 
Background: Intelligence, as a measure of cognitive ability, is influenced by genetics 
and environment. Fluid intelligence, as an aspect of general intelligence, describes the 
ability to solve novel problems and is less reliant on previous knowledge and experience 
compared to other aspects of intelligence. Fluid intelligence is a particular useful 
indicator in studies of diverse populations, as fluid intelligence indicators are less likely 
than indicators of other aspects of intelligence to be significantly influenced by cultural 
factors, educational level, and language. Although fluid intelligence was previously 
thought to be primarily modulated by genetics, recent studies have shown that 
environment and its many factors have a greater role in shaping this aspect of cognition. 
Factors associated with a low-income environment, including dietary habits, are of 
interest when investigating effects on fluid intelligence in mothers from a low 
socioeconomic status population. 
Methods: Participants were used from the Transgenerational Health Research InitiatiVE 
at Boston Medical Center. The Automated	Self-Administered	24-Hour	Dietary	Assessment	Tool online reporting questionnaire was used to collect self-reported dietary 
intake from mothers two times during participation in the study, once prenatally and once 
postpartum. The Weschler	Abbreviated	Scale	of	Intelligence Second Edition subtests of 
matrix reasoning and block design were used to assess fluid intelligence and were 
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administered either prenatally or postpartum. A paired t-test was performed for 
determining statistical significance of fatty acid intake in the prenatal period versus 
postpartum period. Regression analysis was performed using stepwise selection to 
measure the correlation between fluid intelligence composite scores and fatty acid intake. 
Results: No significant correlation was found between fluid intelligence composite 
scores and dietary intake of stearic, oleic, linoleic, and linolenic acid. Significant 
differences were found between prenatal and postpartum intake of oleic acid (omega-9) 
(p=0.0325) and linolenic acid (omega-3) (p=0.0065). 
Conclusion: The findings from this study suggest no correlation between fluid 
intelligence composite scores and dietary intake of stearic, oleic, linoleic, and linolenic 
acid. However, the findings do suggest a significant difference between prenatal and 
postpartum dietary intake of oleic (omega-9) and linolenic (omega-3) acid. Repeating this 
study on a larger sample population with complete data (demographics, diet intake, and 
fluid intelligence) could provide additional evidence for a correlation between fatty acid 
intake and fluid intelligence. 
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INTRODUCTION 
Intelligence is influenced by a multitude of factors and serves as the 
encompassing term for an individual’s cognitive abilities. Strides have been made in the 
measure of fluid intelligence in both understanding its impact on human function and on 
factors that contribute to it. Measurements of intelligence have been used as predictors of 
professional and educational success (Gottfredson, 1997), but in return, what determines 
each individual’s capacity for intelligence? Individualized genetic information is the 
foundation upon which human bodies and functions, such as intelligence, are built. It 
provides the framework that can be nurtured and therefore modulated to a certain extent 
by the environment. The ways that genetics manifest in physical characteristics, or 
phenotypes, present different paths and opportunities of experience. Perhaps a certain 
gene allows for above average performance on life’s tasks by enhancing the ability of 
organizing thoughts, increased memory capacity, or performance on cognitive 
assessments (Persson & Stenfors, 2018). By measuring individual strengths, it can be 
investigated whether there are correlations between specific aspects of intelligence and 
the environment that acts upon them. 
The theory of general intelligence was originally proposed by Charles Spearman; 
this theory described intelligence as having more factors of intelligence that were more 
specific to each skill (perceptual, visuospatial, etc.) (Spearman, 1928). The subsequent 
theories about the specifics of crystallized and fluid intelligence as factors of general 
intelligence were elaborated upon by Raymond Cattell (Cattell, 1963). Fluid intelligence 
is associated with being able to solve novel problems and relies less on prior experience 
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compared to crystallized intelligence which is associated with memorization or 
knowledge that is accumulated over a lifetime. Over time with increasing age, fluid 
intelligence experiences a downward trend (Perlmutter & Nyquist, 1990) while 
crystallized is relatively not affected. Originally, fluid intelligence was thought to be 
primarily determined by genetics (Davies et al., 2011); in recent years, evidence points to 
it being modulated, to a larger degree than previously expected, by environment (Ho, 
2013). The environment is composed of many factors, and the modulatory effects on 
intelligence have been studied for socioeconomic status (SES) (Turkheimer, Haley, 
Waldron, D’Onofrio, & Gottesman, 2003), stress (Evans, 2004), and depression (Rabbitt, 
Donlan, Watson, McInnes, & Bent, 1995), among others. SES is one factor known to 
influence overall intelligence through a variety of potential pathways. First, SES may be 
associated with lower stimulation home environments. A significant positive correlation 
was found between a home environment with greater intellectual stimulation and the 
intelligence quotient scores of children (Bradley et al., 1993). Second, low SES may be 
associated with higher stress. Chronic high stress, which is also shown to damage the 
brain regions involved with crystalized and fluid intelligence, is higher in lower income 
households due to factors such as less social support, lower quality of community 
facilities, and more instability (Evans, 2004). Third, SES may be associated with lower 
parental educational attainment. Examining occupation type, ranging from most 
professional to unskilled occupations, a strong correlation was found with less skilled 
occupation statuses (or lower SES) having lower performance on cognitive assessments 
(Rabbitt, Donlan, Watson, McInnes, & Bent, 1995). With the results of these findings, it 
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is evident that environment has significant effects on the development of cognitive 
ability. 
One under-investigated pathway through which SES may impact fluid 
intelligence is through diet. Diet is affected by expendable income and the accessibility, 
security, and quality of food. Consequently, SES was shown to be correlated with dietary 
choices (Roos, Lahelma, Virtanen, Prättälä, & Pietinen, 1998) as well as the consumption 
of vegetables and lean meats being positively correlated with maternal education and 
consumption of sweets, bread, rice, and beans positively correlated with unemployment 
(Teixeira et al., 2018). SES also affects health outcomes of pregnant mothers through 
dietary choices, as those with higher levels of education tended to have healthier eating 
patterns leading to a lesser likelihood of developing gestational hypertension (Jarman et 
al., 2018). The brain is a critical organ that maintains and regulates many functions of our 
bodies, and it needs appropriate support through the provision of structural and energy 
resources. 
Depending on the quality of diet and nutrition, the brain may not receive the 
necessary components for development and maintenance of cognitive function. Having 
less than recommended intakes of macro- and micro- nutrients can have detrimental 
effects on health as well. General malnutrition is shown to have a negative effect on 
cognitive ability (Lee et al., 2001) with diets high in sugar and lower in protein associated 
with lower cognitive performance (Richard et al., 2018). Deficits in micronutrients such 
as iron result in reduced attention (Cook et al., 2017), while insufficient vitamin D is 
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associated with cognitive impairment when using assessments to measure severity of the 
impairment (Annweiler et al., 2016). 
Myelin is a particular neuronal structure of interest as it is affected by fatty acid 
intake; as this intake affects the structure of the brain, it will also subsequently affect 
cognitive performance and results in age-dependent decline in elderly individuals 
(Weiser, Butt, & Mohajeri, 2016). There are many studies that have determined the 
importance of both diet and fatty acids, for brain development in children and adolescents 
as well as in older adults. With regards to the studies on children aged 6-17 years old, 
having appropriate nutrition is critical for proper brain development, as this is a sensitive 
time period (Schoenthaler & Bier, 1999). Accelerated cognitive decline and cognitive 
impairment was observed in older adults that did not have appropriate body levels of 
omega-3 fatty acids, but supplementation of these fatty acids has resulted in improved 
cognitive function (Kidd, 2007). 
Interestingly, in specific brain regions white matter was shown to be positively 
and significantly correlated to fluid intelligence scores (Persson et al., 2016, Witte et al., 
2014). A large proportion of myelin is composed of almost equal percentages of stearic 
acid and oleic acid (O’Brien & Sampson, 1965), and linolenic acid is critical as a 
precursor of docosahexaenoic acid, both of which are critical for neurite outgrowth 
(Darios & Davletov, 2006). A longitudinal study which followed an older (≥65 years 
old), multiethnic, 30/70 male-to-female ratio sample which typically presents with age-
dependent decline in myelination (Weiser, Butt, & Mohajeri, 2016) over the course of 7-9 
years, a greater consumption of foods high in polyunsaturated fatty acids (PUFAs) was 
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associated with greater white matter integrity (Gu et al., 2016). Other findings show 
white matter integrity being supported by dietary intake of specifically omega-3 PUFAs 
(Witte et al., 2014). Components of white matter from frontal and temporal regions of the 
brain were found to be significantly correlated to cognitive ability in young children 
(O’Muircheartaigh et al., 2014). These findings open the intriguing possibility that 
dietary intake of stearic, oleic, and linolenic specific fatty acids might influence fluid 
intelligence expression.  
 Given the outlined body of evidence indicating the role of fatty acids in neuronal 
integrity, brain development, and cognitive function, we hypothesize that a difference in 
intake of saturated and PUFAs will have a modulatory effect on fluid intelligence. The 
correlation between diet and fluid intelligence in a population of young mothers in a low 
SES is not yet thoroughly investigated, therefore, a pilot study was completed to test this 
hypothesis, through the Transgenerational Health Research InitiatiVE (THRIVE) study at 
Boston Medical Center (BMC). THRIVE recruits pregnant mothers and their partners 
and, among other measurements, comprehensively assesses diet during pregnancy and 
postpartum using the Automated	Self-Administered	24-Hour	Dietary	Assessment	Tool 
(ASA24) diet recall questionnaire. The participants of THRIVE were of particular 
interest, as they are a part of a diverse inner-city patient population of BMC, comprised 
of primarily low SES individuals and with observed sub-optimal dietary choices. 
Intelligence: Theories and Measurements 
The contemporary understanding is that intelligence is an indicator of cognitive 
ability. This concept of cognitive ability can be divided into multiple aspects, each 
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focusing on a narrower skill from a concept of general intelligence (Spearman, 1928); for 
example, there are skills that are identified based on strength and retention of memory 
and others that focus on being able to solve problems that are new and unfamiliar 
(Cattell, 1963). 
The type of intelligence associated with solving problems that are new and 
unfamiliar is called fluid intelligence. Fluid intelligence was thought to be primarily 
genetically determined (Davies et al., 2011). Based on previous studies, findings 
indicated that this ability to solve novel problems was grounded in biology and could thus 
be passed down from parent to child or, in other words, heritable. However, the degree of 
variability that is accounted for by heritability has been challenged by ideas of 
epigenetics and environmental factors, and that the statistical models that determined the 
impact of heritability on the variance have been shown to be incorrect overestimates (Ho, 
2013). This continued pursuit of evidence and accumulated understanding brings light to 
a persistent synergy between both genetics and environment that has made isolating the 
influence of each factor even more difficult. 
Fluid Intelligence: Genes and Environment 
While other previous evidence pointed to fluid intelligence having a highly 
genetically determined component (Davies et al., 2011), there are more recent theories 
that address the possible confounding between the degree of influence of genetics versus 
environment. It was originally thought that the correlation was unidirectional – achieving 
a certain degree of complexity in an occupation was predictable by outcomes of 
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psychometric assessments, as it is typically thought that successfully attaining more 
complex occupations relies on test scores (Neisser et al., 1996). 
Another concept is the idea of a “social multiplier” which dictates that there is a 
reciprocal cycle between small physical advantages given by genetics, which tap into 
resources in the environment that further enhance an individual’s specific skill (Dickens 
& Flynn, 2001). Without the environment providing the appropriate resource, the small 
advantage given by genetics may not reach its potential. 
Other studies have found that providing interventions in the form of training tasks 
or supplemental learning can potentially improve performance on cognitive assessments 
of fluid intelligence. Adequate training with working memory presents the possibility of 
transferring improved skills to fluid intelligence (Jaeggi, Buschkuehl, Jonides, & Perrig, 
2008). In studies focusing on children, providing training that improved working memory 
resulted in increased performance on fluid intelligence assessments (Mackey, Hill, Stone, 
& Bunge, 2011). 
Whether incidentally or through intentional intervention, fluid intelligence has 
been shown to be modulated by various factors of environment: place of residence, 
school district, availability and quality of resources (food, parks, community centers, 
etc.), transportation, and income. These factors, among others, impact the members of a 
community and subsequently influence intelligence.  
SES and environmental factors have been shown to be important, and these 
factors have a powerful impact on availability and types of food. Above all, SES is one of 
the most influential factors of the environment, as it can have a domino effect on other 
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factors including the capacity to make use of other resources; for example, the quality 
and availability of many resources can depend on an individual’s income: health 
insurance, diet and nutrition, and education. For SES and its effect on fluid intelligence, 
there is a significant correlation between individuals from higher skilled occupations and 
increasing fluid intelligence scores (Rabbitt, Donlan, Watson, McInnes, & Bent, 1995). 
Another theory is that depending on the occupation, certain skills may be more integral to 
the completion of tasks, and thus an individual with a certain occupation would perform 
better on cognitive assessments that measured those specific skills (Kohn & Schooler, 
1973). 
SES was also found to modulate brain structure, namely white matter integrity 
(Ursache, Noble, & Pediatric Imaging, Neurocognition, and Genetics Study, 2016). 
White matter is relevant, as it characterizes portions of the brain that contain myelin, a 
component of neurons that facilitate proper signal conduction and structural support. 
Dietary intake of omega-3 fatty acids were found to support white matter integrity (Witte 
et al., 2014), and subsequently, fluid intelligence scores were found to be positively and 
significantly correlated with white matter integrity (Persson et al., 2016, Witte et al., 
2014). 
In other studies who also analyzed the correlation between adherence to a 
Mediterranean diet and cardiovascular risk, a greater adherence to a Mediterranean diet 
was associated with a lower risk of cardiovascular disease, but this correlation was 
observed only in high socioeconomic groups (Bonaccio et al., 2017). Individuals with a 
higher SES were also found to have diets closer to national recommendations compared 
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to individuals from lower SES (Teixeira et al., 2018). This raises the question of whether 
fluid intelligence is modulated by diet through the means of SES. 
Brain Structure and Development and Diet 
The several nutrients that are consumed through our diet each contribute to many 
of our body’s organ systems. Carbohydrates, fats, and protein are the macronutrients, or 
main nutrients, that are contained in diet. Micronutrients are vitamins and minerals like 
iron and vitamin D which are also obtained through diet. Both macro- and micronutrients 
contribute to many processes, such as energy utilization, structural support, and material 
transport within our body. These nutrients are useful for the brain in particular, which is a 
resource hungry organ that requires energy and structural components to maintain 
function. Deficiencies in both macro- and micronutrients show the negative effects of 
malnutrition on cognition (Lee et al., 2001, Cook et al., 2017, Annweiler et al., 2016). 
Fats are of particular importance due to their contribution to brain structure and function. 
As myelin and white matter were explained to be important to brain function for both 
signal conduction and structural support, it would also be relevant that one of the two 
building blocks for myelin is fatty acids (O’Brien & Sampson, 1965). It is therefore 
plausible that proper intake of fatty acids would be important in myelin for the purpose of 
maintaining cognitive function. For example, omega-3 fatty acids were shown to have a 
modulatory effect on many signaling pathways and membrane structures resulting in 
improved brain development, maintenance, and aging all of which ultimately optimizes 
overall cognitive ability (Weiser, Butt, & Mohajeri, 2016). Physiological changes in brain 
	10 
structures may also affect cognition and the onset of neurodegenerative diseases that lead 
to cognitive deficits, like dementia (Barberger-Gateau et al., 2007). 
In terms of biological markers, studies were able to identify brain regions and 
specific brain structures that are correlated with fluid intelligence. fMRI results 
determined that prefrontal cortex and parietal cortex activations were associated with 
fluid intelligence measurements, based on relevant responses to fluid intelligence tasks 
(Gray, Chabris, & Braver, 2003). Similarly, the prefrontal cortex has been shown to be 
varied in level of activation with individuals completing fluid intelligence tasks 
(Neubauer & Fink, 2009). In cases where the prefrontal lobe was damaged, fluid 
intelligence scores were lower compared to control subjects’ scores (Duncan, Burgess, & 
Emslie, 1995, Waltz et al., 1999).  
PUFAs have many dietary sources such as fatty fish, vegetables, nuts, and seeds 
(Parletta, Milte, & Meyer, 2013). PUFAs (omega-3, omega-6, and omega-9) might play a 
role in brain development of young children and could improve their fluid intelligence 
scores (Demmelmair et al., 2018).  In older adults, omega-3 PUFAs were linked to fluid 
intelligence, while prefrontal cortex gray matter volume mediated the relationship 
between omega-3 PUFAs and fluid intelligence (Zamroziewicz, Paul, Zwilling, & 
Barbey, 2018). 
The United States Department of Agriculture (USDA) and Department	of	Health	and	Human	Services (HHS) released the most recent edition of dietary guidelines for the 
2015-2020 period (“2015-2020 Dietary Guidelines for Americans,” n.d.). The purpose of 
these guidelines is to reflect on the earlier years of each period and project and suggest 
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changes in diet going forward. According to the guidelines, a healthy Mediterranean-
Style eating pattern contains more fruits and seafood and less dairy than the healthy U.S.-
Style eating pattern (“2015-2020 Dietary Guidelines for Americans,” n.d.). There is an 
abundance of studies exploring the effects of Mediterranean diet on overall health. The 
claim that a Mediterranean diet, typically rich in fish, olive oil and legumes, is the 
healthiest is supported by studies that show that the nutritional content is best for 
maintaining cardiovascular health, as well as supporting other bodily functions 
(Trichopoulou, Costacou, Bamia, & Trichopoulos, 2003, Sofi, Cesari, Abbate, Gensini, & 
Casini, 2008). However, even if omega-3 fatty acids are in deficit in current diets, as long 
as the balance between omega-3 and omega-6 fatty acids is appropriate, it is still possible 
to support cognitive function and development (Sheppard & Cheatham, 2018). A 
systematic analysis of computerized scoring of adherence to a Mediterranean diet and 
mortality found a significant reduction in risk for all of the analyzed clinical outcomes 
(overall mortality, cardiovascular mortality, neoplasm, Parkinson’s disease and 
Alzheimer’s disease), with an increasing score for adherence to a Mediterranean diet 
(Sofi, Cesari, Abbate, Gensini, & Casini, 2008). In particular, docosahexaenoic acid 
(DHA) is of great importance, as it is the most prevalent omega-3 fatty acid in the brain 
and supports many processes in maintaining the physiology of the brain (Weiser, Butt, & 
Mohajeri, 2016). DHA is a key material for myelination of neuron axons and the 
myelination process demands ongoing maintenance by oligodendrocytes in the brain 
(Connor & Menzies, 1996), and observing myelin abnormalities and degeneration is 
normal in the aging process but will contribute to the initial stages of neurodegeneration 
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(Peters, 1996). It is with these observations that maintaining sufficient levels of omega-3 
in balance with omega-6s and other fatty acids is important to slowing the decline of and 
maintaining cognitive function. 
Aside from the simple intake of fatty acids, it is important to consider the ratio of 
certain fatty acids to another. The omega family of fatty acids is composed of omega-3s, 
6s, and 9s. The ratio that is relevant to dietary intake is the ratio of omega-6 to omega-3. 
Imbalances in this ratio are shown to negatively impact performance on cognitive 
assessments (Sheppard & Cheatham, 2017). Oleic acid, an omega-9 fatty acid, was found 
to be beneficial when replacing palmitic acid in dietary intake by decreasing 
inflammation in the brain, thus modulating cognition (Dumas et al., 2016). Oleic acid is 
also suggested to mediate the maintenance of cognitive function, as it is involved in 
memory consolidation (Campolongo et al., 2009) and has protective effects in sleep 
deprivation (Koethe et al., 2009). Diets that contain high proportions of both stearic acid 
and omega-6 fatty acids have greater risk of cognitive decline, while diets with higher 
proportions of omega-3 fatty acids have lower risks of cognitive decline (Heude, 
Ducimetière, Berr, 2003). 
Relevance to the Field and Hypothesis 
There are many studies that have determined the importance of both diet and, 
more specifically, fatty acids, for brain development in children and adolescents as well 
as in older adults. With regards to the studies on children, having appropriate nutrition is 
critical for proper brain development, as this is a sensitive period of time (Schoenthaler & 
Bier, 1999). In studies that followed older adults (aged greater than 50), it was observed 
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that myelin abnormalities and degeneration are normal in the aging process but will 
contribute to the initial stages of neurodegeneration (Peters, 1996). It is with these 
observations that maintaining sufficient levels of omega-3 in balance with omega-6s and 
other fatty acids is important to slowing the decline and maintaining cognitive function. 
However, there does not seem to be many findings on whether fatty acids and diet affect 
intelligence in adults (aged mid-20s to 40s), less so amongst pregnant mothers. 
Keeping in mind the factors of diet and its impact on maintaining brain structure 
and function, the patient population of Boston Medical Center is diverse in many aspects 
of demographics, some of which may play a role in the availability and quality of dietary 
resources. There is a variety of available literature regarding the cognitive performance of 
offspring of mothers with specific diets or malnutrition, as well as a variety of literature 
detailing the influence of specific fatty acids on cognitive development and performance. 
Exposure to maternal malnutrition in the prenatal period had no effect on the intelligence 
of the child (Stein, Susser, Saenger, & Marolla, 1975). Prolonged malnutrition during 
childhood may have long term effects on cognitive ability, although the effect may be 
indirect; malnourished children tend to be less attentive, less motivated, and less 
responsive (Neisser et al., 1996). There are limited results on the specific connection 
between fluid intelligence and diet intake in a population of pregnant mothers. Based on 
the outlined intriguing associations between low SES, diet, brain development and fluid 
intelligence, I hypothesize that fatty acid intake impacts fluid intelligence measurements 
in our inner-city subject population, characterized by low SES and limited diet resources 
and choices. 
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METHODS 
 
 The THRIVE study is conducted by the Mother-Child Wellness Center at BMC 
and is led by Dr. Snezana Milanovic. THRIVE aims to identify the outcomes on “in 
utero” genome and epigenome interactions on brain development by focusing on 
downstream metabolic changes. Participants for the study are selected from the patient 
population of pregnant women who have a gestational age less than 24 weeks and are 
receiving care from BMC’s OB/GYN and Antenatal Testing Units. Patients were 
excluded from the study if they had had previous miscarriages, current multiple 
pregnancy, use of fertility treatment, unknown paternity (for mothers’ eligibility), current 
incarceration, high risk pregnancies as determined by the attending obstetrician, active 
suicidal or homicidal ideation, active psychosis or mania that interfered with capacity to 
provide informed consent, intellectual disabilities, potential exposure to the Zika virus, 
and maternal substance use disorder during this pregnancy. Biological fathers of babies 
were given the option to participate in the study; participation by the mother or the father 
did not affect each other’s participation in the study. There is a minimum of four study 
visits, each lasting 30 minutes to 1.5 hours, that participants complete throughout the 
duration of pregnancy. Of the questionnaires that are completed by participants, 
responses from the following are used in this analysis with fluid intelligence: 
• ASA24 24-hour diet recall (prenatal) 
• ASA24 24-hour diet recall (postpartum) 
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• Weschler Abbreviated Scale of Intelligence, Second Edition (WASI-II) 
Subtest Assessments (Block Design, Matrix Reasoning) 
Dietary intake data for 24-hour recalls were collected and analyzed using the 
Automated Self-Administered 24-hour (ASA24) Dietary Assessment Tool, version 2018, 
developed by the National Cancer Institute, Bethesda, MD. ASA24 was administered 
during the participant’s last prenatal study visit, listed as part 3 in Figure 1, occurring in 
either the 2nd or 3rd trimester of pregnancy, and the participants postpartum study visit, 
listed as part 4 in Figure 1, typically occurring within 4 weeks of delivery date. For 
participants who arrived to THRIVE’s main office, ASA24 was administered with 
THRIVE research assistants (RAs) guiding the participants. For participants who were 
unable to come to THRIVE’s main office, ASA24 was administered by RAs with the 
participant on the phone.  
Figure 1. THRIVE Recruitment Chart (Milanovic, 2017). This recruitment chart is 
presented to patients at Boston Medical Center who may be interested in enrolling in the 
THRIVE study. It presents the 4 mandatory study visits for either mom and dad and brief 
information on the data collected at each study visit. Parts 1 through 4 correspond directly 
with visits 1 through 4. 
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 The ASA24 diet recall collects information on the following nutrients: 
macronutrients and energy, vitamins, minerals, carotenoids, fats and cholesterol, specific 
fatty acids, and other substances (caffeine, theobromine, and choline). For specific fatty 
acids, the following were exported from ASA24: 
• Omega-3 Fatty Acid: 18:3 Octadecatrienoic acid (linolenic acid) (in grams); 
• Omega-6 Fatty acid: 18:2 Octadecadienoic acid (linoleic acid) (in grams); 
• Omega-9 Fatty Acid: 18:1 Octadecenoic acid (oleic acid) (in grams); 
• Saturated Fatty Acid: 18:0 Octadecanoic acid (stearic acid) (in grams).   
Fluid intelligence was measured using the matrix reasoning and block design 
subtests of the WASI-II. The subtests of the WASI-II are typically administered during 
visit 3. For participants who are unable to complete the WASI-II subtests during visit 3 
(prenatal), the subtests are administered at either visit 4 (postpartum) or at a separate time 
when participants were available to come to THRIVE’s office. WASI-II subtests were 
administered by THRIVE RAs in either an exam room or in an office space that allowed 
for the participant and RA to sit across from each other. For some of the administrations, 
participants were interrupted by phone calls or their children and/or infants who were 
also in the room. 
 Once ASA24 data and WASI-II subtest scores were collected, the data were input 
into THRIVE’s electronic database on REDCap and exported as a report to show Record 
IDs (participant study identification numbers), intake of stearic acid, oleic acid, linoleic 
acid, linolenic acid, block design raw scores, and matrix reasoning raw scores. The raw 
scores for block design and matrix reasoning were converted by hand using tables A.1 
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and A.4 in the WASI-II user manual. THRIVE collects demographics information on 
each participant during the first study visit. Not all demographics information that is 
collected by THRIVE was used in determining the relationship between fatty acid intake 
and fluid intelligence, but the following were used to aid in determining SES within this 
sample: Race, Ethnicity, Highest Education Level, Occupation Health Insurance (Public 
or Private), Child Opportunity Index.  This information was obtained through participants 
self-report and through participant signed consent for access to electronic medical records 
from BMC on EPIC. 
Statistical Analysis 
  A paired t-test was used to test for statistical difference in fatty acid intake 
between prenatal and postpartum measurements using SAS Windows 9.3. A regression 
analysis utilizing stepwise selection was applied to develop a model aimed at measuring 
correlation between WASI-II fluid intelligence composite scores and fatty acid intake 
using SAS Windows 9.3. A p-value ≤ 0.05 was considered significant. We did not 
perform a power analysis before the study.
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RESULTS 
 
Demographics of THRIVE Participants Who Completed Block Design and Matrix 
Reasoning Subtests of WASI-II 
 In order to understand the demographic groups from which dietary intake and 
fluid intelligence was being assessed, demographic information was collected from the 
cohort. Table 1 lists the number of participants and percentage of the sample for each 
demographic. Forty-six participants completed demographics for the THRIVE study. Of 
the 46, 33 (71.1%) were female, 12 (26.1%) were male, and 1 (2.2%) identified as non-
binary. Twenty-eight participants identified as married or in a domestic partnership 
(60.9%), 16 (34.8%) identified as single, and 2 (4.3%) identified as divorced. For 
ethnicity, 31 participants (79.5%) identified as non-Hispanic or Latino, 8 participants 
(20.5%) identified as Hispanic or Latino, and 7 (15.2%) did not respond. For race, 14 
(34.2%) participants identified as non-Hispanic White, 13 (31.7%) identified as non-
Hispanic Black or African American, 8 (19.5%) identified as Hispanic or Latino, 6 
(14.6%) identified with other races. For highest level of education attained, 11 (23.9%) 
attended some college but did not receive a degree, 10 (21.7%) completed an 
undergraduate degree, 10 (21.7%) completed post-graduate training (MA, MS, MPH, 
MD, PhD, etc.), 8 (17.4%) completed high school or GED program, 6 (13%) attended 
high school but did not receive a diploma, and 1 (2.2%) did not attend high school. Forty-
one (89.1%) participants were not students, 3 (6.5%) listed being part-time students, and 
2 (4.4%) listed as being full-time students. Thirty-two (69.6%) participants listed being 
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unemployed, 9 (19.6%) listed being full-time employed, and 5 (10.9%) listed as being 
part-time employed. Thirty-eight (84.4%) listed not using food stamps, 7 (15.6%) listed 
as using food stamps, and 1 (2.2%) did not respond. Twenty-six (57.8%) participant 
listed having other children, 19 (42.2%) listed as not having other children, and 1 (2.2%) 
did not respond. The data show a diverse cohort, but with trends in distribution that 
indicate a low SES sample. 	 	
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Table 1. Summary of Demographics Distribution of THRIVE participants who 
completed WASI-II Matrix Reasoning and Block Design Subtests. 46 participants 
completed demographics questions that recorded sex, marital status, ethnicity, race, 
highest level of education, occupation, student status, employment status, use of food 
stamps, and other children. For the questions that participants did not answer, a 
response of “no response” was recorded.  
Mean Age 
(± Standard 
Deviation) 
 
32.00 ± 7.19 
Sex 
  
 
Male 12 (26.1)  
Female 33 (71.7) 
 Non-Binary 
No Response 
1 (2.2) 
0 (0.0) 
Marital Status 
  
 
Married or Domestic Partnership 28 (60.9)  
Single 16 (34.8)  
Divorced 2 (4.3)  
Widowed 
No Response 
0 (0.0) 
0 (0.0) 
Ethnicity 
  
 
Hispanic or Latino 8 (20.5)  
Not Hispanic or Latino 31 (79.5) 
 No Response 7 (15.2) 
Race 
  
 
American Indian or Alaska Native 0 (0.0)  
Asian 0 (0.0)  
Non-Hispanic Black 13 (31.7)  
Hispanic or Latino 8 (19.5)  
Native Hawaiian or other Pacific Islander 0 (0.0)  
Non-Hispanic White 14 (34.2)  
Other race 
No Response 
6 (14.6) 
5 (10.8) 
Highest Level 
of Education 
  
 
Did not attend high school 1 (2.2)  
Attended high school, but did not receive a diploma 6 (13.0)  
Completed high school or GED program 8 (17.4)  
Attended some college, but did not receive a degree 11 (23.9)  
Completed undergraduate degree 10 (21.7)  
Attended some post-graduate training, but did not 
receive degree 
0 (0.0) 
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Prenatal and Postpartum Fatty Acid Intake in Grams from ASA24 24-hour Diet 
Recall: Self-Reported Values from Participants 
 With data being collected during the prenatal and postpartum phase, a comparison 
was decided between the two intakes to determine whether there were significant 
differences. Table 2 lists the means and standard deviations of prenatal and postpartum 
intakes, in grams, of stearic acid, oleic acid, linoleic acid, and linolenic acid. The mean 
prenatal intake of stearic acid is 7.32 ± 3.22 grams. The mean prenatal intake of oleic 
acid is 28.46 ± 10.65 grams. The mean prenatal intake of linoleic acid is 16.75 ± 9.35 
grams. The mean prenatal intake of linolenic acid is 2.11 ± 1.21 grams. The mean 
 
Completed post-graduate training (MA, MS, MPH, 
MD, PhD, etc.) 
No Response 
10 (21.7) 
 
0 (0.0 
Occupation 
  
Currently a student 
 
 
Full-time 2 (4.4)  
Part-time 3 (6.5) 
 Not a Student 
No Response 
41 (89.1) 
0 (0.0) 
Currently employed 
 
 
Full-time 9 (19.6)  
Part-time 5 (10.9)  
Unemployed 
No Response 
32 (69.6) 
0 (0.0) 
Currently 
using food 
stamps 
  
 
Yes 7 (15.6)  
No 
No Response 
38 (84.4) 
1 (2.1) 
Any other children? 
 
 
Yes 26 (57.8)  
No 
No Response 
19 (42.2) 
1 (2.1) 
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postpartum intake of stearic acid is 6.27 ± 2.99 grams. The mean postpartum intake of 
oleic acid is 25.23 ± 8.84 grams. The mean postpartum intake of linoleic acid is 14.46 ± 
8.08 grams. The mean postpartum intake of linolenic acid is 1.66 ± 1.00 grams. The 
significance of the differences between the self-reported intakes is presented in the next 
table; the amount of intake of these individual fatty acids provide insight into the absolute 
intake, rather than relative intake of fatty acids to overall fat intake. 
Table 2. Self-Reported Fatty Acid Intake by Mothers During Prenatal Period and 
Postpartum Period (in grams).  Mothers reported dietary intake of food items during 
study visit 3 and study visit 4 with the THRIVE study. Data is input into the ASA24 
website and is exported as grams or calories of nutrients. Intake in grams was exported 
for stearic acid, oleic acid, linoleic acid, and linolenic acid for both prenatal (visit 3) 
and postpartum (visit 4). 
Fatty Acid Intake – Prenatal 
  
Stearic Acid  7.32 ± 3.22 
Oleic Acid (n-9)  28.46 ± 10.65 
Linoleic Acid (n-6)  16.75 ± 9.35 
Linolenic Acid (n-3)  2.11 ± 1.21 
Fatty Acid Intake – Postpartum   
Stearic Acid  6.27 ± 2.99 
Oleic Acid (n-9)  25.23 ± 8.84 
Linoleic Acid (n-6)  14.46 ± 8.08 
Linolenic Acid (n-3)  1.66 ± 1.00 
 
Mean Differences in Fatty Acid Intake, Confidence Interval, and P-Value 
Table 3. Mean Difference and Confidence Interval of Fatty Acid Intake by 
Mothers in Prenatal Period and Postpartum Period (in grams) and Significance of 
Difference. Differences were calculated between prenatal and postpartum intake of 
stearic, oleic, linoleic, and linolenic acid. The mean was calculated for all of these 
differences in intake, and the p-value was calculated. P-values that were statistically 
significant were indicated with an asterisk (*) by the value. 
Difference Mean (Confidence Interval) p-value 
Stearic Acid 1.64 (-0.16, 3.43) 0.0725 
Oleic Acid (n-9) 5.79 (0.52, 11.05) 0.0325* 
Linoleic Acid (n-6) 3.78 (-0.26, 7.83) 0.0651 
Linolenic Acid (n-3) 0.74 (0.23, 1.25) 0.0065* 
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 To determine whether there was a significant difference between prenatal and 
postpartum dietary intake of fatty acids, analysis was completed. The data was to provide 
insight into the consistency of diet across the cohort over time. Table 3 lists the mean 
differences, confidence intervals, and p-values for intake of stearic acid, oleic acid, 
linoleic acid, and linolenic acid. The mean difference of stearic acid intake is 1.64 with 
confidence interval (-0.16, 3.43) and p-value 0.0725. The mean difference of oleic acid 
intake is 5.79 with confidence interval (0.52, 11.05) and p-value 0.0325. The mean 
difference of linoleic acid intake is 3.78 with confidence interval (-0.26, 7.83) and p-
value 0.0651. The mean difference of linolenic acid intake is 0.74 grams with confidence 
interval (0.23, 1.25) and p-value 0.0065. The data indicates that a significant difference in 
intake is observed across the cohort and over time. This is important to consider when 
determining why there may be a change in dietary intake. 
Average Scaled Perceptual Reasoning Indexes and Distribution Among Participant 
Sample 
 Scores were collected in order to understand the overall distribution of fluid 
intelligence across the cohort. Table 4 lists the average and distribution of matrix 
reasoning and block design raw scores, scaled t-scores, composite scores, and percentile 
ranks. Forty participants completed the WASI-II subtests. Of the forty, 33 (82.5%) were 
mothers and 7 (17.5%) were fathers. The mean raw score of matrix reasoning is 18.30 ± 
5.74. The mean raw score of block design is 34.58 ± 14.99. The mean T-scores for matrix 
reasoning is 46.28 ± 11.88. The mean T-scores for block design is 44.1 ± 10.74. The 
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mean composite score is 91.85 ± 18.17. The mean percentile rank is 38.62 ± 30.59. The 
data indicates that the sample is very diverse with such a large standard deviation.  
 
 
Correlation Values in Fatty Acid Intake and Fluid Intelligence Composite Scores 
 Analysis was completed to determine whether fatty acid intake correlated with 
fluid intelligence composite scores. Table 5 lists the correlation values with intake of 
stearic acid, oleic acid, linolenic acid, and the fatty acid ratio with the composite score of 
WASI-II block design and matrix reasoning subtests. Composite scores correlate as 0.05 
(0.7454) with stearic acid, 0.14 (0.3735) for oleic acid, 0.09 (0.5913) for linolenic acid, 
and -0.01 (0.9487) for the fatty acid ratios. The composite scores are written as 
standardized estimates (p-value) and models were adjusted for race and insurance type 
after stepwise selection. The data did not provide significant evidence to indicate that the 
variation in fatty acid intake influenced the scores on the fluid intelligence assessments 
 
Table 4. Average Scaled Perceptual Reasoning Indexes and Distribution Among 
Study Participant Sample. The mean scores and standard deviation for each of the 
aspects of scoring the fluid intelligence subtests (matrix reasoning and block design) 
were calculated. Beginning from the raw scores, T-scores were calculated for matrix 
reasoning and block design. Composite scores and percentile ranks were calculated 
from the sum of the T-scores and calculated according to the WASI-II manual.  
 
Matrix 
Reasoning 
Raw Scores 
Matrix 
Reasoning 
T-Scores 
Block 
Design 
Raw 
Scores 
Block 
Design 
T-Scores 
Composite 
Scores 
Percentile 
Ranks 
Mean 
Score +/- 
Standard 
Deviation 
18.30 ± 
5.74 
46.28 ± 
11.88 
34.58 ± 
14.99 
44.1 ± 
10.74 
91.85 ± 
18.17 
38.62 ± 
30.59 
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Table 5. Correlation Values of Fluid Intelligence Composite Score with Specific 
Fatty Acid Intake in Grams.  The correlations were calculated between the composite 
scores obtained from the fluid intelligence subtests (matrix reasoning and block design) 
and the intake of stearic acid, oleic acid, and linolenic acid. The fatty acid ratio (stearic 
acid to oleic+linolenic acid) was also calculated. *This	is	written	as	standardized	estimate	(p-value).	a	–	models	adjusted	for	race	and	insurance	type	after	stepwise	selection. 
 Specific Fatty Acids  
 Stearic Acid Oleic Acid Linolenic Acid Fatty Acid Ratio 
Composite 
Scorea* 0.05 (0.7454) 0.14 (0.3735) 0.09 (0.5913) 
 
-0.01 (0.9487) 
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DISCUSSION 
This study demonstrated no significant correlation for whether differences in 
intake of saturated and PUFAs have a modulatory effect on fluid intelligence. However, 
there was significance found in the difference in prenatal and postpartum intake of oleic 
(omega-9) and linolenic (omega-3) acid. 
Distribution of Demographics Across Sample 
Of the cohort, 21.7% of the participants had completed some form of postgraduate 
training (MA, MS, MPH, MD, PhD, etc.) which reflects the percentage of individuals 
who work as BMC employees (either as registered nurses, physicians, or researchers) or 
as other professionals (business, law, etc.), since potential participants were randomly 
approached at antenatal unit. 78.2% of the participants have at most completed an 
undergraduate degree which can reflects a disparity of SES amongst the sample, relative 
to the 21.7% of those with postgraduate training. Occupation alone is not enough to 
accurately gauge SES, rather it is one of many that each contribute to the bigger picture; 
however, occupation is found to have correlations with other SES indicators, such as 
perceived SES and family material affluence status which measures the possession and 
spending of income on material items (cars, computers, family holidays, and having a 
separate bedroom for each family member) (Svedberg, Nygren, Staland-Nyman, & 
Nyholm, 2016). As THRIVE also does not currently collect information on household 
income, it is not possible to provide an accurate and exact measurement of SES. 
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Differences in Prenatal and Postpartum Dietary Intake of Fatty Acids 
The difference in intake of oleic acid and linolenic acid prenatally and postpartum 
is significant (p=0.0325, p=0.0065 respectively). It is possible that interventions were 
already made by hospital staff (social work, dieticians or nutritionists) or by family 
members during pregnancy to emphasize the importance of following a healthier diet 
with omega-9 and omega-3 fatty acids. The impact of dietary interventions on general 
cognition has been observed in studies that investigated maternal supplementation of 
fatty acids while pregnant which suggest positive effects on infants (Colombo et al., 
2016). However, supplementation is shown to not yield significant results on 
improvements in cognitive functioning in a sample of older adults (aged 45-77 years old) 
(Stough et al., 2012). This study with THRIVE participants also did not find significant 
results for a correlation between fluid intelligence and fatty acid intake. It is possible that 
a significant correlation could be observed with a larger sample size and more complete 
data, as some participants were not able to provide a dietary measurement for postpartum. 
As this study did not control for fatty acid intake throughout the duration of and after 
pregnancy, it is a potential area for a follow-up study in addition to having a larger 
sample size. 
While the differences in fatty acid intake of stearic acid and linoleic acid from 
prenatal and postpartum time periods were not found to be significant, there is an 
observed trend of decreased intake for the two fatty acids. As an increased dietary intake 
of stearic acid is consistently and significantly associated with greater risk of cognitive 
decline (Heude, Ducimetière, & Berr, 2003), decreasing stearic acid intake should reduce 
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the associated risk. Similarly, high linoleic acid intake is associated with cognitive 
impairment in a population of elderly men after adjusting for age, education, cigarette 
smoking, alcohol consumption, and energy intake (Kalmijn, Feskens, Launer, & 
Kromhout, 1997); a decrease in linoleic acid intake is likely to reduce the associated risk 
as well. 
Between mothers and children aged 3-10 years old, significant associations were 
found in terms of maternal dietary patterns and preferences for fruits and the behavior 
and preferences of children (Groele, Glabska, Gutkowska, & Guzek, 2018). These 
findings also intrigue whether partners and other family members will also follow the 
same dietary preferences. In terms of possible influences between partners (the mothers 
and fathers participating in THRIVE), health behaviors are shown to have an effect in 
marital and cohabitating relationships by impacting food choices and levels of physical 
activity (Perry, Ciciurkaite, Brady, & Garcia, 2016). With 60.9% of the sample listing 
marital status as “married or domestic partnership”, it is likely that the male partners of 
the mothers in this study share dietary choices and resource quality and availability. 
Correlation of Fatty Acid Intake with Fluid Intelligence Composite Scores 
 The average fluid intelligence percentile rank (amongst individuals who take the 
WASI-II), was 38.62. This indicates that compared to the maternal education level was 
found to be more influential than paternal education of their children’s fluid intelligence 
and general cognitive ability through means of shaping the prefrontal cortex (Kong, 
Chen, Xue, Wang, & Liu, 2015).	
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There was no significant correlation found between fluid intelligence composite 
scores and any of the four fatty acids that were investigated in this paper. There were 
observable trends in correlation, with small positive correlations between composite 
scores and stearic, oleic, and linolenic acid. It is possible that with a larger sample size, as 
this study used 46 participants, there may be a greater trend and/or significance. A power 
analysis was not completed for this study, so conducting one would be beneficial for a 
repeat experiment with more participants. 
Other studies that investigated the correlation between cognition and fatty acids, 
focused on totals of PUFAs or omega-3 fatty acid DHA and cognition in general as a 
measurement of defects or impairment. Strong positive correlations have been found 
between total omega-3 PUFAs and cognitive performance, while decreased levels of 
omega-3 DHA correlate with cognitive decline (Baierle et al., 2014).	
The only observed significant difference between prenatal and postpartum fatty 
acid intake was with oleic and linolenic acid. The distribution of stearic acid, oleic acid, 
linoleic acid, and linolenic acid as a percentage of the sum of total intake for these four 
fatty acids remains consistent from prenatal to postpartum. Thus, there is no significant 
difference between prenatal and postpartum proportion of intake of fatty acids, just a 
change in the overall energy intake in calories. 
Confounders and Covariates 
Depression also is shown to affect cognition as increasing scores on depression 
assessments showed a decrease in cognitive ability (Rabbitt, Donlan, Watson, McInnes, 
& Bent, 1995). THRIVE does have participants complete the DASS (Depression, 
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Anxiety, Stress Scales) during the final prenatal visit (visit 3), but measurements were not 
used in the present study. In a repeat study, it would be reasonable to also determine the 
correlation between DASS scores, fluid intelligence scores, and dietary intake and 
decisions. 
Future Searches and Potential Outcomes 
Dietary counseling of pregnant mothers with an average age of 30 resulted in 
decreased intake of saturated acid and increased intake of unsaturated fatty acids 
compared to controls; maternal prenatal serum levels of omega-3 fatty acids can be 
improved with dietary interventions of emphasizing the importance of dietary suggestions 
throughout the course of pregnancy (Hautero et al., 2013). 
By providing similar interventions to observe an impact in fluid intelligence, it 
may assist individuals who are not following the suggested guidelines of fatty acid intake, 
especially during pregnancy. By emphasizing the importance of having sufficient intake 
of appropriate fatty acids or by providing supplements, individuals who are below the 
baseline of fatty acid intake can benefit from the positive effects on cardiovascular health, 
cognitive function, and neurodevelopmental outcomes of the fetus (Cetin & Koletzko, 
2008). Another interventional study with obese or overweight mothers at the time of the 
study show that lifestyle interventions focused on dietary changes were associated with 
improvements in diet that continued up to 4 months postpartum compared to controls 
(Moran, Flynn, Louise, Deussen, & Dodd, 2017). 
As this cohort only contains 40 participants who completed the fluid intelligence 
matrix reasoning and block design subtests, it is necessary to expand the investigation to 
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include all participants of THRIVE. In preparation for a repeat study, we estimate having 
a total of 60 participants who will finish the fluid intelligence assessment by the end of 
the pilot study. This will enable for a power analysis to ensure accurate measure of the 
number of participants needed for the future study and follow up evaluation of observed 
trends. 
Limitations 
As THRIVE only administers ASA24 twice per participant, the accuracy of 
responses being representative of usual diet may vary based on time of reporting. A 
minimum of three 24-hour recalls was estimated to be optimal for accurate representation 
of an individual’s food intake, as energy intake may be underreported in the first data 
collection, as well as stating that diet may vary depending on the time of the year or 
season the diet recall was administered (Ma et al, 2009). However, two recalls are 
sufficient to offset the possible underreporting of energy intake in the first data collection 
(Ma et al, 2009). 
THRIVE also does not collect dietary information for fathers during their 
enrollment and participation. As addressed earlier, dietary choices and physical activity 
can be influenced by marital and cohabitating relationships (Perry, Ciciurkaite, Brady, & 
Garcia, 2016). To confirm the correlation within THRIVE’s participant sample, fathers 
could be administered the ASA24 as well in future studies. 
Fluid intelligence was administered either during the prenatal period of pregnancy 
(2nd or 3rd trimester) or postpartum, while ASA24 data were collected at both time points. 
There were some participants who only completed one ASA24 recall, the prenatal recall, 
	32 
at the time of exporting data from REDCap for use in this pilot sub-study. This means the 
postpartum recall was not yet collected for data analysis. The prenatal and postpartum 
comparison was unable to be completed for 7 of the 46 participants (15.2%). 
In the methods section, it was stated that some participants completed fluid 
intelligence under nonstandard administration conditions. This included receiving phone 
calls and interruptions by babies and children if they were brought to the study visits. The 
RAs attempted to alleviate this by stating before the fluid intelligence that the 
participant’s full attention would be required throughout the duration of the assessments, 
however the RAs would not deny mothers or fathers a pause if needed to relax or tend to 
the baby. 
Conclusion 
 For the present study, there was insufficient evidence to determine whether fatty 
acid intake influenced performance on assessments designed to measure fluid 
intelligence. The intentions of this study were to provide insight into the relationship 
between dietary intake and cognition in order to provide evidence to support 
interventions for mothers and partners during and after pregnancy. As fatty acid intake 
was found to be significantly different for oleic (omega-9) and linolenic acid (omega-3), 
there may already be interventions being made on part by the hospital staff and healthcare 
providers. Therefore, repeating this study with a larger cohort and considering more 
confounders and covariates would be beneficial to add to this effort to improve parental 
health throughout and after pregnancy.  
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